INTRODUCTION
Basic research in nuclear physics typically is performed at the limit of technical capability of available instruments and techniques. It is evident that equipment with new capabilities beyond the state-of-the mt is needed to advance scientific knowledge. This is notably true for experiments such as those conducted at the Relativistic Heavy Ion Collider and the Thomas Jefferson National Accelerator Facility, where experimental data is continually produced at rates of 20 Mbyte/second or more, hundreds of terabytes/year [11. Before considering efficient processing of such a data volume, the problem of efficiently and cost-effectively storing the data stream without interruption must be solved.
Typical high energy physics experiments at Lawrence Berkeley National Laboratory (LBNL) require high capacity magnetic x-y tapes to store huge amount of data (-100 -300 Gbytes) from one experiment lasting about a week. Since these tapes can store about 5 Gbytes of data, each experiment requires about 50 to 100 tapes [21. These tapes can be accessed at the maximum rate of -1 Mbyte/second so that it takes along time to process and analyze the data. As fiture experiments at higher energy levels produce more data, LBNL scientists are planning for storage capacity five times the current capability, with a three to fourfold increase in access speed.
Another need for high capacity data storage and management is evident in the ambitious collaborative program call GIOD (Globally Interconnected Object Databases), a joint project of the Caltech High Energy Physics Group, CERN, and Hewlett-Packard, to address the data storage and access problems posed by the next generation of particle collider experiments, which will start at CERN in 2005 [s] . The data rates from these experiments' online systems will be on the order of 100 Mbytes/second, giving rise to a yearly accumulation of several petabytes of raw data. These data will be stored and accessed in a globally distributed object database management system (ODMS) coupled with hierarchical storage management systems. These new requirements have already stretched current technology to its limits.
On the commercial side, the recent emergence of multimedia information technology has also prompted a need for terabyte capacity (i.e., -100 Gbits/in.2) storage with rapid access [Q] . Although magnetic and magneto-optic electronic memory represents mature technology, it is incapable of meeting these emerging demands. As an alternative to electronic memory, researchers have refocused their efforts on developing optical memory systems, which had once appeared to be a failing technology, because of their potential for high storage density and rapid access b].
l.l State of the Art Optical Data Storage Technology
High capacity data storage systems based on magnetic tape and magneto-optic disks have been developed over the past decade with varying success [Q. These includes GE Aerospace's 14 in.
magneto-optic disk recorder, which can potentially store 10 GB of data at 75 Mbytes/s, and the CREO Products Inc. optical tape recorder with a data capacity of 1 Tbyte on a 12 in. reel, at the rate of 3 Mbytes/s. Although these systems represent the state-of-the-art in storage capacity and access time, their commercialization did not seem to be successful.
The recent emergence of multimedia information technology has revitalized the need for terabyte capacity storage with rapid access [71. Although magnetic and magneto-optic-based electronic memory represents mature technology, it is incapable of meeting these emerging demands.
To overcome these problems, investigators have proposed and demonstrated digital optical bit-bybit storage in the 3-D volume of material in layered 3-D formats; this is being investigated by Toshiba, Matsushita, and Sony in Japan, and by IBM and Call/Recall, Inc. in the United States El. Among the possible approaches, the so-called "two-photon" storage techniques [g] of Call/Recall, Inc., seem to be the most promising, although they are high-risk because of limited material stability in a dense memory system, with a capacity 21 Tbit/cms. On the other hand, the hybrid multilayer 3-D disk from IBM seems closest to a commercial product, since it is based on conventional media technology.
However, dl these techniques have been crippled by one major problem: devising a method to rapidly and accurately address a sub-micron volume of material has posed an insurmountable challenge because of the intrinsic nature of optical beams produced by conventional optics.
From diffraction theory we know that the minimum spot size producible by a lens is -(fMD), where f is the focal length, D is the diameter, and 2. is the wavelength of light used. By reducing the F-number (F=f/D), the spot size can be made to approach X, the diffraction limit of the optical system. In practice, this limit is -1~m. However, achieving a comparable depth (z) resolution has required a precise mechanical dynamic focusing system, and current optical technology has not achieved a depth resolution better than 15 pm [g].
In the face of these problems, true 3-D optical memory technologies are still in the laboratory stage, and these technologies will become reality only when the problems of addressing these dense data at high speed with high precision are solved. This solution will also apply to more mature 2-D optical disk memory techniques, well developed over a decade or two. field allows us to overcome the z resolution limitation of conventional dynamic focusing systems. This is achieved by totally eliminating the requirement for precise z adjustment of the read/write focused beams in conventional systems, which is a major factor limiting the speed as well as the resolution (-1~m) of these systems. By using a W laser (e.g., a diode pumped Nd:YAG solid state laser at 354 nrn), a Bessel beam spot resolution of -250 nm can be achieved. This increases area density by -16 times over current single layer optical disk memory systems (spot resolution -1~m). Additionally, eliminating the need for dynamic z-movement of the optical head will increase memory access speed by a factor of -100 over that of the current systems, i.e., several hundred Mbytes/second. This report describes the result of Phase I work on the concept feasibility study conducted at POC. The following sections describe the key achievements of the Phase I work. The detailed description of the Phase I work and its results are followed by the conclusions and recommendations for future work.
2.0

SUMMARY OF PHASE I RESULTS
In Phase I, POC successfully demonstrated the feasibility of Diffraction-Free Bessel Beam Optical Memory (DFB-OMEM) by theoretical analysis, computer simulation, and laboratory demonstration of a DFB-OMEM write/read unit. The feasibility of using a DFB beam to write digital data bits with subwavelength (<400 nm) spot size with a focus range of -4-5 mm was successfully demonstrated for the frost time (see Figure 3 -14) . In the course of the study we discovered a simple way to truncate the Bessel beam to a desired length and localize the beamlet at a z position within its full range. The feasibility of localizing the Bessel beam at a specific depth within its range which does not require mechanical movement (i.e., by using a variable ring aperture mask, which could be implemented using a liquid crystal shutter) was also demonstrated for Localized generation of the Bessel beam to allow depth addressing for multilayer storage media, again without dynamic focusing of a lens 9
Simple high-precision tracking by wavefront tilting without moving the optical head q Low cost mass producibility of the key optical components.
These advantages will allow the development of new optical memory systems with increased areal and volume data densities (-2.5 Gbits/in.z (assuming 500 nrn/bit pair) for single layer media, and -15 Gbits/in.2 for six (-800 pm) layer media or -90 Gbits/in.z for 36 (-140 pm) layer media) with higher data rates (-100 Mbits/second) than state-of-the-art systems. With these capabilities, POC'S DFB-OMEM system will break through the access speed barriers that have kept optical storage out of the mass PC market, which is cucrently dominated by magnetic media technology.
POC demonstrated in Phase I that optical addressing based on DFB beams is truly unique in that its resolution is beyond the classical tiaction limit (-1) and more importantly that the beam essentially does not spread as it propagates. Conventional addressing using Gaussian beams, particularly very narrow ones, is degraded by diffraction spreading. Since a high numerical aperture lens is used to focus the beam, the depth of focus becomes very small, requiring precise (thus slow) up and down movement of the lens, and the diffraction of the system sets a limit on how small the focus spot can be.
Diffraction-free Bessel beams can be generated from plane waves or Gaussian particular types of optical elements. These elements can be fabricated either waves by using as surface relief
...
diffractive structures or as refractive cone lens structures. POC has successfully fabricated and demonstrated holographic optical elements (HOES) for DFB beam generation for long distance energy transport applications [111.By restricting the diffraction free distance to a range of -1 cm, the beamwidth can be reduced to -32-/4. Specifically, it was shown in this project that this degree of accuracy can be achieved by means of a precise computer design of a double cone lens (axicon) element, or of a specially designed high resolution diffractive optical element (DOE) fabricated photolithographically. Figure 2 -1 illustrates the profde of a DFB beam generated in this project by means of a DOE. The central spot, which contains most of the beam's energy, is accompanied by a large number of surrounding undulating fields. without diffraction spreading.
In a homogeneous medium, this beam travels 
PHASE I WORK AND ITS RESULTS
This section of the report summarizes the Phase I work and its results, and includes several technical issues and opportunities to be addressed in future development.
3.1
Phase I Technical Objectives and Approach a discussion of
The purpose of the Phase I research was to demonstrate the feasibility of developing a new high density high speed optical memory storage system using the principle of diffraction-free Bessel (DFB) beam addressing. The scope of the Phase I project was to demonstrate the proposed DFB-OMEM concept through design analysis and experimental demonstration of the key 6 .,-.,.,7-, ,:;l .,,,. :.;:.r4.~.T ---;~% ... . .,"." -;j+ ;-;
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.'% functional components. Inorder todemonstrate the feasibility of the concept, we pursued three objectives:
Objective 1. Design and analyze a high capacity, high speed optical memory recording and addressing system, based on the proposed DFB beam concept. Objective 2. Fabricate a DFB beam generator diffractive optical element, and integrate it with the other components of the system. Objective 3. Fabricate and demonstrate a small scale optical disk memory using photopolymer material, in order to establish the feasibility of the proposed technology.
To accomplish these objectives, several laboratory models of DFB optical memory systems were designed and analyzed, to provide high-speed optical writing to and reading from high capacity digital data storage disks, with in situ write capability. Two basic approaches were identified for generating diffraction-free beams with beam sizes approaching the theoretical limit of subwavelength super-resolution and several millimeter long beam length. The first is a simple combination of refractive elements, in which a cone lens known as an axicon produces Bessel beams with -100% el%ciency. In the second method a simple diffractive optical element fabricated on a thin glass substrate was used to produce high quality Bessel beams with nanometer-scale beam diameter. Using these optical elements, generation of Bessel beams with subwavelength resolution and several millimeter depth-of-focus was demonstrated for the fust time. It was also demonstrated that, because of the long depth of focus of the Bessel beam, the beam length can be localized at varying depths, a totally new way of accessing a multilayer optical memory disk.
In these experiments, two types of photopolymer recording material were investigated for efficient recording of the super-resolution diffraction-free Bessel beams. A standard photoresist material was used to demonstrate recording of DFB beams as pits or holes. This type of recording is conventionally used for production of CD-ROMs. Using DFB beams, CD-ROMs can have much higher capacity than they do at present. The second material is a new UV laser writable photopolymer material available from DuPont. Using this material, POC investigated the feasibility of recording DFB beams as phase modulated spots (by means of phase change). We studied the material's exposure characteristics in terms of phase modulation depth and laser power. We successfully demonstrated recording and reading phase change in DuPont material, using a 413 nm laser and an experimental optical disk addressing unit. It is important to note that DuPont photopolymer material can be a mukilayer recording disk medium, and when used in combination with depth-locating Bessel beam addressing, an advanced optical memory system with capacity approaching 90 Gbits/in.z can be achieved. The demonstrated long depth of focus of the Bessel addressing beam also totally eliminates the high precision dynamic focusing of optical write/read heads that is needed in all current optical storage systems, allowing writingkeading at much higher speeds.
These achievements not only satisfy all the Phase I objectives, but also exceed them in giving additional insights into fiture superhigh capacity optical storage technology. In summary, POC 
3.2
Description of Phase I Results
The following sections describe briefly the Phase I work conducted by POC, and its results in demonstrating the proof-of-concept of the DFB-OMEM concept.
Design and Analysis of DFB-OMEM System
The basic design of the DFB-OMEM system is illustrated in Figure 3 -1. In this system, the DFB-generating optical head, which is the key technology, was thoroughly analyzed by analytical calculations, computer simulation, and ray-tracing. The physics of the DF13beam was described several years ago by researchers at the University of Rochester led by Professor J. Durnin [6121. POC has extended that original DFB model by investigating ways of generating DFB beams specitlcally for optical memory addressing.
,,, ..... 
Beams
Of the two basic solutions to the wave equation for free space (plane waves and Gaussian waves), in practice, using conventional optics, only Gaussian beams can be generated. Unfortunately, Gaussian beams inherently undergo diffractive spreading. Within the past decade 16J21, a third type of beam, called a "diffraction-free beam," has been described. These beams are not subject to transverse spreading (diffraction) after the plane where the beam is formed. They have sharply defined, well concentrated intensity distributions in every transverse plane along the propagation direction, independent of the propagation distance. To illustrate, consider the free-space wave equation:
[) v2--;:
One can easily verify that an exact solution of Eq. (3-1) for waves propagating into the source-fi-ee region z >0 is E(x, y,z, t) = exp[i(~z -@t)]SO(up), where p2 = X2 + y2,~2 +~2 = (@/c)2, and 20 is the zero-order Bessel function of the f~st kind. When~is real, this equation represents a field that is nondiffracting, in the sense that the intensity profile at z = O is exactly reproduced for all z >0 in every plane normal to the propagation direction z. The dilllaction free beam has axial symmetry, and because of its Bessel function transverse profile it is also called a Bessel beam. The full width at half maximum (FWHM) of the central peak of the diffraction-free beam is approximately et-l and can be extremely small, on the order of a fraction of one wavelength. The transverse envelope of the distribution intensity decays as p-l. Figure 3 -2 shows the timsverse intensity profiles of a Bessel beam and a Gaussian beam with a spot centered at z = O. As can be
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seen, diffi-active beam spreading of the Gaussian beam causes a rapid decay of peak intensity, while the Bessel beam has the same intensity profile at every z value. For example, a beam diameter on the order of a wavelength will spread by a factor of more than 3,000 at a distance of -1 cm. 
Experimental
The ideal DFB beam requires
Generation of Diffraction-Free Beams
a spatially infinite light source, which is impractical. However, recent discoveries have identified afarnily of ftite-sized Bessel-Gaussian beams (truncated Bessel beams) that are well localized and can be produced by a real source 1131. Diffraction-free beams can also be represented as:
E(x, y,z,t) = exp[i(~z -cot)]~~nexp[icx(xcos$ + ysin$)]= exp[@z -ut)]l~(up) (3-2)
Here p2 =X2+ y2 and Jo is the zero-order Bessel function of the f~st kind. The effective width of the beam is determined by a, and when a = u / c = 27c/ X the central spot assumes its minimum possible diameter of -3M4.
The diffraction-free beam is a superposition of plane waves, all having the same amplitude and traveling at the same angle e = sin-l (cA/2n) relative to the z axis but with azimuth angles ranging from O to 2n radians (i.e., spanning 3600). With this representation, one can easily find an experimental setup that generates diffraction-free beams. 
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which a circular slit of diameter do and width Ad is placed in the focal plane of a lens of focal length f and radius R. Ideally, each point along the slit acts as a point source, which the lens then transforms into a plane wave. It is not hard to see that the set of plane waves formed in this way has wave vectors lying on the surface of a cone. Therefore, according to Eq. (3-2) they will produce a diffraction-free beam within distance zs Zmm. When the slit is N*ated with collimated light of wavelength k, one obtains a diffraction-free beam with spot parameter u = (2n/X)sin 0, where e = tan-1 (do2f ). Figure 3-3(b) shows a DFB beam produced in POC'S laboratory using this experimental setup. For the present application, if we take X = 354 nm (frequency tripled Nd:YAG laser) and 0 = 75°, then the beamwidth will approach W = 265 nm, and for R = 2 cm Zmw = R/tan6 = 5.4 mm. If we use a shorter wavelength such as 1 = 250 nrn (UV laser), then W = 187 nm with same depth range. The position of the DFB beam must be controlled precisely in the x and y directions. Since the beam has -5 mm of "depth-of-focus," dynamic z-control is not required as long as the recording layer is positioned initially hear the middle of the length (range) of the Bessel beam. Conventionally, z-control of an optical head is by a magnetic coil, which is relatively slow (-ins). Eliminating this requirement permits the memory disk to be spun at the very high speed (24000 rpm) necessary for high speed data writing. This in turn necessitates very high speed (-ns) control of the DFB beam in the x-y directions, which can be achieved by using a laser beam tracking system such as a quad-detector and feedback loop. The elec~onic detectors are sufficiently fast to operate at this speed. For feedback beam control, a PZT actuated mirror can be used to tilt the beam at MHz speed. Mirror M2 is tilted to shift the DFB location. Mirror tilting can be made precise by using a PZT element, which can be actuated at MHz speed. 
3.2.2
Fabrication of DFB Optical Element
Several DFB phase shaping techniques for submicron resolution were investigatedin Phase I. Since the DFB can be a superposition of conic planar waves, the required conic wavefront can also be generated by any of following three elements:
q An annular slit in the back focal plane of a lens q An axicon (a cone lens) q A specially designed diffractive optical element (DOE).
To produce a subrnicron resolution diffraction free beam, the f-number (i7D) of the lens in the annular slit configuration should be cc 1 (see discussion in Section 3.2.1), which is not achievable with reasonable quality. Therefore, only the latter two of the three kinds of element were fabricated in Phase I to study the specifics of DFB generation and performance.
Refractive Optical Element (Axicon)
An axicon can convert an incident plane wave into conical waves, generating a Bessel beam as shown in Figure 3 The beamwidth of the central spot is defined as
with sin (e++) = n sin $, where $ = axicon angle and n = refractive index of the a.xicon material. The length of the Bessel beam is then~= R(l -tan$tanf3) (3-4) tan e .
Because no axicon of the desired geometry was available off the shelf, we chose a cone lens from Edmund Scienttilc Company. The cone lens (an axicon with a thick base) has a diameter of 5 mm, a length of 7.5 mm, and an axicon angle of 45°. A computer ray tracing of the lens shows that a conic ring wave with an angle of 26.32°and a width half the diameter of the input beam can be ,, ;-...
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generated from a plane wave (Figure 3-6) . A measurement of the beam profile is given in In order to reduce the bearnwidth of a DFB, a double axicon was designed and fabricated with the design parameters given in Section 3.2.1. The cylindrical parts of the two cone lenses were cut off, so that only the axicons remained. The tip of one axicon was cut off 1 mm from the apex. The cut surfaces were polished. The two axicons were then fastened together with index matching optical cement as illustrated in Figures 3-8 and 3-9 . The beam width in this case is about 300 nm, and the depth of focus is about 1 mm.
&&l Figure 3 -8 Double axicon for DFB generation (dimensions in mm).
3.2.2.2
Diffractive Figure 3 -9 Ray-tracing of a double axicon.
Optical Element
Ideally, any shape of wavefront can be generated by a properly designed computer-generated hologram (CGH), which is normally fabricated in a substrate known as a diffractive optical element (DOE). A cylindrically symmetcic DOE as ihstrated in Figure 3 -10 converts an incident ideally if its transmission function is
where @(p)=-2np/p0, p is axial distance, and pO is a between rings. -L~F igure 3-10 DFB generated by a diffractive optical element.
By applying the diffraction formula
6) Po one obtains the transmitted wave with a fixed circularly symmetric angle e. This indicates that the diffractive optical element converts an incident plane wave into a Bessel beam. The width of the central peak of the DFB is defined as
which is independent of wavelength. This feature may make unnecessary the current worldwide effort to push the wavelength of a laser down for high density storage applications. The length of such a beam is~_
where D is the radius of the diffractive optical element.
A diffractive optical element can be fabricated as a surface relief mask or a gray scale mask in a substrate such as glass. The grating period determines the diffraction angle, and the depth determines the efficiency. Mukiphase level diffractive elements generated photolithographically offer high efficiency; for instance a two-level structure exhibits 41% efficiency, a four-level structure 81%, and an eight-level structure 95%. Multilevel diffractive grating patterns can be generated by repeating etching steps as shown in Figure 3 -11(a), and the circularly curved grating mask for the DFB diffractive element can be made as in Figure 'ask''"~"'"
Figure 3-11 (a) Fabrication of the multilevel diffractive element grating pattern in glass by successive photolithography.
(b) Illustration of binary amplitude mask (top) and four level surface relief structure of a DFB mask.
For our Phase I demonstration, a binary amplitude DFB mask with a diameter of 4 mm (D = 2 mm) and 0.8 pm spacing (p. = 0.8 pm) was designed and fabricated (see Figure 3 -12(a)). By directly exposing photoresist in contact with the DFB mask, we can replicate DFB devices in quantity (see Figure 3 -12(b)). 
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The diffractive optical element was tested using the setup illustrated in Figure 3 -13. The diffraction efilciency is about 27.5%, and the depth of focus about 4 mm. Since the beam is too thin to be directly measured, we recorded the DFB in photoresist and examined the result through a microscope. The profiles of the DFBs recorded in photoresist are shown in Figure 3 -14(a), (b) and compared with a 5 pm pinhole in Figure 3-14(c) . The comparison indicates that the spot size of the DFB are about 400 nm, which is very close to our predicted value, and could increase storage capacity by a factor of more than six compared to current technology ( minimum spot size -1~m). 
3.2.3
Fabrication of Optical Disk Addressing Unit
Optical disk addressing is required for recording high density data in a medium and reading the data out with high precision and at a high signal-to-noise ratio (SNR is guaranteed by our nanoscale beam recording technique. The readout system with the highest precision and SNR is the confocal optical system, which is used in all current optical disk storage systems, but in our case with the addition of a dynamic focusing objective. POC constructed such a system in the laboratory (see Figure 3 -15) to experiment with and study the technique for laser system integration, and to test the recording mechanism. In the final form of the DFB beam system, the dynamic focusing objective will generating DOE mask. Conventionally, confocal systems achieve high precision and high SNR in a selected plane by the following means: First, light is focused through an objective lens onto a specimen by mechanical scanning. However, with a DFB beam this z-scanning will not be required. Next, all the light reflected from that spot is focused through a pinhole aperture positioned in front of the detector. The opaque regions around the pinhole block out most of the rays that would tend to blur the resulting image --those reflected by illuminated points in the specimen lying above and below the plane of interest. Finally, the light is moved rapidly from point to point on the specimen until the entire plane has been scanned. This system can be operated even in a stray light environment.
,. ,;, . Information can be recorded digitally in photoresist as a surface relief structure or in photopolymer as index modulation (see Figure 3-16 ). Both structures were tested using the optical disk addressing unit shown in Figure 3 -15, and signtilcant signal modulation was detected in both cases. Since the detector has a negative bias, the stronger the reflected light the lower the signal. This shows that both types of high resolution material --photoresist with 3,000 lineshmn surface relief structure and 5,000 lineshnrn index modulation photopolymer material, can be used as recording media.
Integration of Optical Disk System
A blank compact disk (CD) was coated with 3 pm thick photoresist, mounted on a rotation stage, and integrated into the addressing system (see Figure 3-18) . A collimated beam from a krypton laser (k = 413 nm) was coupled into the system and focused onto the coated disk surface. Rotating the disk exposes the photoresist to the laser light at a sequence of locations, recording data at each location. Because the energy density of a DFB beam is many times higher than that of a conventionally focused beam, the disk can be rotated many times faster than a conventional system while the illumination power remains the same.
At present, the frost order diffraction efficiency of the fabricated binary diffractive element is low (-27%). As a result, interference between the zero order and the f~st order swamps the DFB, and the weak signal of the reflected f~st order beam is lost in the strong signal of the zero order reflection. This can be prevented by using a two phase level difhactive element (41% efficient) or a four phase level diffractive element (81% efficient). However, the cost of fabricating such a mask was beyond a Phase I budget. 
Demonstration of High Resolution Optical Data Storage
Because of the strong zero order (-73%) of the diffractive optical element (DOE) mask, the initial attempt to directly record the DFB beam spot was not successfid. However, we modified the DOE to block out the central zero order, so that only diffracted cone beams are present in this small region to create a DFB beam (see Figure 3 -19) . To investigate this motilcation, several annular ring mask patterns were made on transparencies by simply plotting them with a laser printer on plastic sheet (see Figure 3 -20) . We checked that the plastic was free of birefringence, which could destroy the phase of the incident (collimated) laser beam. The masks were aligned with the DOE under a microscope and placed in the path of a very low power collimated krypton laser beam (wavelength = 413 rim). We first observed the characteristics of the resulting DFB beams. We saw not only that the disturbing zero order light was eliminated but also that the DFB can be localized along the z direction within the fi.dlrange I L Collimated Kr+ Laser of the beam (see Figure 3 -21).
J 1
Beam ( In order to measure the DFB beams created by these setups, we placed -2~m photoresist plates at three depths (z= 1 mm, 2 mm, and 3 mm) positioned by appropriate spacers. The recording was made at several exposure energies to optimize DFB beam spot size. Higher exposure tends to widen the beamwidth and to record side rings an order of magnitude lower in intensity than the central peak. The exposure energy was then adjusted low enough that only the central spot of the DFB beam was recorded. In this way we demonstrated for the first time DFB beams with beam diameters less than the wavelength of the light used to create them and with beam lengths of several millimeters (4 mm --only limited by the diameter of the DOE element). Figure 3 -14 above shows photomicrographs and intensity of the recorded DFB beam spots. By using a known scale (a 5 pm pinhole) with the same magnification we estimated the DFB beam spot sizes at 0.380 pm, which is very closed to the values predicted by theory.
3.2.6
Exploration of Commercial Potential
In the course of Phase I, POC explored the commercial potential of the DFB-OMEM technology by conducting a preliminary survey of prospective users. DFB-OMEM technology have been identified. These include both the secondary memory device market, which is currently dominated by magnetic and optical disk technology with gigabyte capacity and access time of 10-40 ms, and archival tertiary memory such as magnetic and optical tape with terabyte capacity but very slow access time (minutes to hours). In both applications POC'S DFB-OMEM will surpass state-of-the-art systems by an order of magnitude in both capacity and speed.
For desktop computing applications, current optical storage devices do not compete well with magnetic storage because of their slower access times. DFB-OMEM technology will break through this limitation and take optical storage into the high volume (>$15B) personal computer market.
For archival applications, DFB-OMEM will also beat out current systems because of its speed, compactness, and low device cost and cost of operation. This type of technology been highly sought after for distributed database networks such as the Globally Interconnected Object Database (GIOD) being developed as a joint project of the Caltech-High Energy Physics Group, CERN, and Hewlett Packard. Our primary contact with HP has expressed their extreme interest in this technology.
Specialized applications for high capacity DFB-OMEM systems include the following: 
CONCLUSIONS AND RECOMMENDATIONS
The Phase I results indicate that DFB-OMEM would radically improve optical data storage. The proof of concept of DFB beam optical addressing in Phase I demonstrated capabilities in recording density not achievable by any existing optical write/read head techniques. Furthermore, we believe that our DFB-OMEM performance can be dramatically improved in the future to achieve data storage density eventually approaching 90 Gbit/in.2 and data transfer speeds of several hundred MHz without increasing the system size. These improvements are economically viable because the required components can be manufactured using readily available low cost materials, components, and mass-production techniques. To achieve these goals, however, additional development work is necessary to improve the performance of the system by optimizing the basic component technologies of this system and developing a fully functional prototype DFB-OMEM system for DOE and commercial use. System integration and packaging issues are critical for introducing DFB-OMEM products to the market place. These issues should be addressed in future work.
